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Introduction
In recent years, the Babar, Belle, CLEO, CDF, D0, LHCb and BESIII collaborations have observed (or confirmed) many charmonium-like states and revitalized the interest in the spectroscopy of the charmonium states [1] . There are also some progresses in the spectroscopy of the conventional heavy mesons, several excited states have been observed, such as the D * 2 (5747), B s1 (5830), B * s2 (5840), B(5970), etc [2] . In 2007, the D0 collaboration firstly observed the B 1 (5721) 0 and B 2 (5747) 0 [3] , later the CDF collaboration confirmed them [4] . Also in 2007, the CDF collaboration observed the B s1 (5830) and B * s2 (5840) [5] . The D0 collaboration confirmed the B * s2 (5840) [6] . In 2012, the LHCb collaboration updated the masses M Bs1 = (5828.40 ± 0.04 ± 0.04 ± 0.41) MeV and M B * s2 = (5839.99±0.05±0.11±0.17) MeV [7] . The heavy-light mesons can be classified in doublets according to the total angular momentum of the light antiquark s ℓ , s ℓ = sq + L, where the sq and L are the spin and orbital angular momentum of the light antiquark, respectively. Now the J [2] .
The QCD sum rules is a powerful nonperturbative theoretical tool in studying the ground state hadrons [8, 9, 10, 11] . In the QCD sum rules, the operator product expansion is used to expand the time-ordered currents into a series of quark and gluon condensates which parameterize the long distance properties. We can obtain copious information on the hadronic parameters at the phenomenological side by taking the quark-hadron duality [8, 9, 10, 11] . There have been many works on the J
doublets with the full QCD sum rules [10, 11] (or Ref. [12] for recent works), while the works on the J
doublets are few [13, 14, 15] . For the works on the QCD sum rules combined with the heavy quark effective theory, one can consult Refs. [16, 17] . In Ref. [14] , H. Sundu et al study the masses and decay constants of the tensor mesons D * 2 (2460) and D * s2 (2573) with the QCD sum rules by taking into account the perturbative terms and the mixed condensates in the operator product expansion, the contributions of the gluon condensate, three-gluon condensate and four-quark condensate are neglected. Neglecting the vacuum condensates of dimension-4 and 6 impairs the predictive ability.
In this article, we calculate the contributions of the vacuum condensates up to dimension-6 in the operator product expansion consistently, study the masses and decay constants of the heavy tensor mesons D * 2 (2460), D * s2 (2573), B * 2 (5747), B * s2 (5840) with the QCD sum rules. the ε µν are the polarization vectors of the tensor mesons with the following properties [22] ,
Now, we briefly outline the operator product expansion for the correlation functions Π µναβ (p) in perturbative QCD. We contract the quark fields in the correlation functions Π µναβ (p) with Wick theorem firstly,
where
, the λ n is the Gell-Mann matrix, the i, j are color indexes(One can consult Refs. [9, 23] for the technical details in deriving the full heavy quark and light quark propagators, respectively.); then compute the integrals both in the coordinate and momentum spaces; finally obtain the QCD spectral density through dispersion relation, In Eq. (10), we retain the terms q j σ µν q i and q j γ µ q i originate from the Fierz re-ordering of the q iqj to absorb the gluons emitted from the heavy quark lines to form q j g s G a αβ t a mn σ µν q i and q j γ µ q i g s D ν G a αβ t a mn so as to extract the mixed condensate and four-quark condensate qg s σGq and g 2 s2 , respectively. In Ref. [14] , such contributions are neglected. We take quark-hadron duality below the continuum thresholds s 0 and perform the Borel transform with respect to the variable P 2 = −p 2 to obtain the QCD sum rules, contributions by the modified vertexes,
The contributions are shown explicitly by the Feynman diagrams in Fig.4 . There are no additional contributions come from the mixed quark condensate, i.e. we calculate the Feynman diagram in Fig.5 and observe that the contribution is zero.
Differentiate Eq.(13) with respect to 1 M 2 , then eliminate the decay constants f T , we obtain the QCD sum rules for the masses of the tensor mesons. In this article, we take into account the contributions come from the covariant derivative.
Numerical results and discussions
The masses of the tensor mesons listed in the Review of Particle Physics are
. We can take the threshold parameters as s 
where t = log , Λ = 213 MeV, 296 MeV and 339 MeV for the flavors n f = 5, 4 and 3, respectively [2] . In calculations, we take n f = 4 and µ c(b) = 1(3) GeV for the charmed (bottom) tensor mesons. We choose the energy scales µ c and µ b for the charmed mesons and bottom mesons respectively based on the crude estimation,
GeV, where the M D and M B are the masses of the ground states (of the pseudoscalar mesons), the m c and m b are constituent quark masses. The strong coupling constant α s (µ) in itself is not a physical observable, but rather a quantity defined in the context of perturbation theory, which enters predictions for experimentally measurable observables. We can extract the value of the α s (µ) from the experimental data at a special energy scale µ, then fit the parameter Λ with the expressions of the α s (µ) from one-loop, two-loop, three-loop, or four-loop renormalization group equations. The values of the α s (µ) from three-loop renormalization group equation are already compatible with that from different determination [2] , we prefer the expression in Eq. (16) , not the crude one-loop approximation.
We impose the two criteria (pole dominance and convergence of the operator product expansion) on the charmed (or bottom) tensor mesons, and search for the optimal values of the Borel parameters. The threshold parameters, Borel parameters, pole contributions and the resulting masses and decay constants are shown explicitly in Table 1 . The pole contributions are about (45 − 80)% and (45 − 65)% for the charmed and bottom tensor mesons, respectively, the pole dominance is well satisfied. On the other hand, the dominant contributions come from the perturbative term, while the total contributions come from the gluon condensate and three-gluon condensates are about (5 − 10)% and (2 − 5)% for the charmed and bottom tensor mesons, respectively, the operator product expansion is well convergent. The two criteria of the QCD sum rules are fully satisfied, we expect to obtain reasonable predictions. In Figs.6-7 , we plot the masses and decay constants with variations of the Borel parameters. From the figures, we can see that they are rather stable with variations of the Borel parameters in the Borel windows, it is reliable to extract the masses and decay constants. The predicted masses are in excellent agreement with the experimental data [2] . The predictions f D * [14] . In Ref. [14] , the contributions of the gluon condensates, three-gluon condensates, four-quark condensates and some mixed condensates are neglected, so the present predictions are more robust. We can take the decay constants as basic input parameters and study the revelent processes with the three-point QCD sum rules or the light-cone QCD sum rules, for example, the strong decays
The central values
the heavy quark symmetry works well. Furthermore, the SU (3) breaking effects are compatible with the experimental data [24] ,
the approximation
fD is reasonable. If we use the non-covariant currents instead of the covariant currents, the gluon condensate and the three-gluon condensate in Eq. (14) have no contributions, the masses and the decay constants change as
There are effective cancelations among the contributions of the three-gluon condensate g 2 . The masses and the decay constants remain 
In this article, we neglect the perturbative α s corrections. In the massless limit, taking into accounting the perturbative α s corrections amounts to multiplying the perturbative terms by a factor 1 − αs π [19] . Now, we estimate the perturbative α s contributions by multiplying the perturbative terms by the factor 1 − αs π , which leads to the following changes,
In calculations, we observe that the masses decrease monotonously with increase of the energy scales while the decay constants increase monotonously with increase of the energy scales. 
the changes are sizeable, but they are small compared to the energy scale augment 300 MeV. The correlation functions Π(p 2 ) can be written as
through dispersion relation at the QCD side, and they are scale independent, d dµ Π(p 2 ) = 0, which does not amount to
as the perturbative corrections to all orders are neglected and truncations s 0 set in. The correlation between the threshold m 2 Q (µ) and continuum threshold s 0 is unknown. We cannot obtain energy scale independent QCD sum rules, but we can choose the reasonable energy scales based on some theoretical analysis.
Conclusion
In this article, we calculate the contributions of the vacuum condensates up to dimension-6 in the operator product expansion, study the masses and decay constants of the heavy tensor mesons using the QCD sum rules. The predicted masses of the D * fD | exp , where the exp denotes the experimental value. The decay constants can be taken as basic input parameters in studying the strong decays with the three-point QCD sum rules or the light-cone QCD sum rules.
